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ABSTRACT 
Brown Trout Perception of Ultraviolet Radiation 
and Possible Influence on Distribution 
by 
Terrence H. Lee, Master of Science 
Utah State University, 1983 
Major Professor: Dr. William Helm 
Department: Fisheries and Wildlife 
vii 
Brown trout (Salmo trutta), demonstrated an avoidance response to 
a range of intensities of artificial ultraviolet radiation in a labor-
atory setting. UV field measurements were made under a variety of 
riparian canopies in a mountain river system. UV values at various 
depth regimes were compared with laboratory response values. Results 
suggested that ultraviolet light could be a factor in the absence of 
brown trout in particular habitat types at various times during the 
daylight hours. Visible light intensity response values were also 
obtained under the same experimental and field conditions. These data 
suggested that visible light also could be a contributing factor in 
the absence of brown trout in different habitat types. Visible light 
may be of equal importance to ultraviolet light in ~liciting an avoid-
ance response in brown trout. 
(60 pages) 
INTRODUCTION 
Ecologically, many factors contribute to the presence of an 
organism in a particular niche. Distribution of brown trout in the 
aquatic ecosystem is influenced by such factors as water chemistry, 
flow regime, bottom type, water temperature, interspecific competi-
tion, food type and its availability, and light intensity. 
A difference in behavior seems to appear between brown trout 
in Pennsylvania (Bachman 1982) and those in Utah (Gosse and Helm 1982). 
This difference involves the reaction of brown trout toward sunlight. 
They either: (l) avoid direct sunlight (Gosse and Helm 1982) or; (2) 
occupy feeding positions in direct sunlight (Bachman 1982), thus 
apparently ignoring or at least not avoiding bright light. 
Moisture and particulates absorb and diffuse UV wavelengths, 
consequently the amount of UV reaching the earth could be reduced 
in industrial areas under cloud cover. Additionally, distance 
traveled through the atmosphere could decrease UV intensity even 
further. Since the study by Bachman (1982) was developed by workers 
in Pennsylvania at lower elevations and with more moisture and 
particulates in the atmosphere, along with more consistent cloud 
cover, ultraviolet radiation was suspected as a major contributing 
factor to the differences in brown trout response in the two areas. 
This study addressed the question of whether ultraviolet light 
could be the reason for the apparent difference in behavior of brown 
trout between Pennsylvania and Utah. The major objectives were to 
explore brown trout reactions to light to determine whether one 
portion of the spectrum, UV or visible, was more responsible than 
the other for an avoidance reaction. 
Three hypotheses were tested: 
H1 ) Brown trout cannot detect ultraviolet radiation. 
H2 ) Brown trout will avoid ultraviolet radiation above 
some threshold intensity. 
H3 ) Brown trout will avoid visible light above some 
threshold intensity. 
Light is a popular denominator in the determination of brown 
trout behavior. Bachman et al. (1979) while determining activity 
patterns of brown trout noted 48 percent of its 24-hour activity 
occurred during dawn, 45 percent during dusk (the remainder occurring 
during adjacent periods). Free-running experiments in constant dark-
ness did not show such a pattern, suggesting this activity is 
exogenously controlled by changing light intensity. The authors 
concluded from the evidence taken as a whole, that changing light 
intensity at dawn and dusk is largely responsible for stimulating 
the increased activity, and neither a circadian rhythm nor food 
availability are involved in the diel activity pattern of this 
species. 
Field and laboratory studies involving different methodologies 
have been conducted on brown trout to measure their activity patterns 
and the environmental factors which influence them (Swift 1962, 1964; 
Chaston 1968). Collectively, these studies show feeding does not 
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affect diel activity patterns of this species, that the activity is 
not influenced by an endogenous circadian rhythm, and light levels or 
changing light intensity are important environmental factors which 
influence brown trout behavior. 
The rapid alteration of the activity pattern after only 24 
hours under reversed light conditions suggested the effect of light 
is entirely exogenous and not at all related to the phasing of a 
biological clock (Chaston 1968). These results substantiate Swift's 
(1964) suggestion in which light could be an important factor in the 
control of the activity pattern of Salmo trutta. Light and not food 
is the prime stimulus to locomotive activity in brown trout, according 
to Swift (1964). 
Therefore, the influence of light on the behavioral pattern of 
brown trout is well established. The question remains, is the brown 
trout reaction based on the entire light spectrum or are the fish 
cuing on a particular segment of the energy spectrum? If in fact the 
trout could not perceive UV, they could not respond to it. 
Data were found indicating brown trout possessed the paired-
pigments required for perception of ultraviolet radiation. Fish 
have pigments within their eye structure allowing them to sense 
particular wavelengths of the visible spectrum and possibly addi-
tional wavelengths beyond either end of the visible spectrum. 
Some species have one or the other of these pigments; other species 
have both. Munz and Beatty (1965) employed the terms "rhodopsin" 
and "porphyropsin" as convenient class names for the retinene 1 , and 
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retinene 2 visual pigments described. The presence of these visual 
pigments has been established in dozens of retinal extracts of rain-
bow trout (Salmo gairdneri), and cutthroat trout (Salmo clarkii). 
A few experiments have shown that these pigments are also present 
in the Atlantic salmon (Salmo salar), and the brown trout 
(Salmo trutta). It seems probable, therefore, that this pair of 
visual pigments is present in all species of Salmo (Munz and Beatty 
1965). The presence of these paired-pigments in brown trout is well 
documented, and their importance in the detection of specific wave-
length bands is evident (Wald 1941; Kampa 1953; Bridges 1956; Tsin 
1979; Jacquest and Beatty 1972; Dartnall 1962). 
Porphyropsin absorbs light at longer wavelengths than its 
rhodopsin counterpart and gives the fish the ability to perceive 
the red end of the visible spectrum and the longer wavelengths. 
Rhodopsin gives the fish the ability to perceive the blue end of 
the visible spectrum and possibly the shorter wavelength bands of UV. 
A change in the proportions of a mixture of rhodopsin and 
porphyropsin will change the total absorption spectrum of the mix-
ture, and may alter visual sensitivity (Northmore and Muntz 1970; 
Muntz and Northmore 1973). If the rhodopsin-porphyropsin ratio 
shifts toward a predominance of rhodopsin, an increase in the per-
ception of the shorter wavelengths is presumed, and the possible 
increased perception of ultraviolet wavelengths might be implied. 
Likewise, a porphyropsin dominance would imply a greater perception 
of the longer wavelengths. 
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Different species of trout contain different relative propor-
tions of these pigments. These differences may be related to niche 
selection of each species and are further complicated by seasonal 
variation, light intensity, and water temperature. 
Cutthroat trout sampled from partially shaded areas have a 
lower proportion of porphyropsin when compared to open area fish 
(Allen et al. 1973). However, the rhodopsin-porphyropsin ratio 
of brown trout is stable under different light conditions. They 
further showed brown trout have a higher percentage of porphyropsin 
when compared to brook or rainbow trout. The preceeding observation 
is somewhat clouded because the authors claimed the porphyropsin 
in brown trout is somewhat different than other trouts, and there-
fore a different type of analysis had to be used to quantify por-
phyropsin amounts. This method decreased the amount of rhodopsin 
pigment and should be noted when interpreting their conclusions. 
Additionally, Dartnall (1962) reported finding a larger proportion 
of rhodopsin in European brown trout when compared to American 
brown trout. He also indicated the rhodopsin-porphyropsin ratio 
was labile. The visual pigment system of the brown trout may be, 
in many respects, very different from the other trout examined. 
However, brown trout do possess a paired-pigment ratio suggesting 
the possibility of ultraviolet perception which may be altered by 
external factors. 
In many fishes which possess paired rhodopsin-porphyropsin 
visual pigments, there is a winter-time increase in porphyropsin, 
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whereas in summer the dominant pigment was rhodopsin (Allen and 
McFarland }973). Generally in trout, a seasonal variation occurs. 
There was a seasonal shift in porphyropsin from a high percentage 
during late winter and spring to a low percentage during midsummer 
and fall. The rhodopsin increased during midsummer and fall. 
This phenomenon was further linked with temperature or light. 
Higher temperatures might favor a lower percent of porphyropsin 
and lower temperatures a higher percent of porphyropsin in paired-
pigment·species (Allen et al. 1973). In addition, these changes 
occur regardless of light conditions, and it seems clear that water 
temperature is an important factor in producing shifts in the 
rhodopsin-porphyropsin ratio. There is a possibility temperature 
may be an important factor in explaining comparable seasonal changes 
in visual pigment ratios among species which may respond differently 
to photic conditions (Beatty 1975). A study on rainbow trout 
(Salmo gairdneri), indicated the paired visual pigment species may 
increase the proportion of rhodopsin, in comparison to porphyropsin, 
as a response to wanner temperatures (Tsin and Beatty 1977). To 
complicate the data further, it was evident the proportions of the 
two components were not constant throughout the life cycle of salmon 
and trout (Beatty 1966). 
Temperature may in part solve the paradox concerning the effect 
of light on different species of fishes, wherein light favors 
porphyropsin in some species (rudd, golden shiner, genus Belonesox) 
and favors rhodopsin in others (red-side shiner, several trouts), 
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according to Allen and McFarland (1973). Changes in the propor-
tions of rhodopsin and porphyropsin can be shown by varying experi-
mental conditions such as day length and intensity of light (Allen 
1971; Dartnall et al. 1961). Experiments have shown a switch toward 
rhodopsin in rainbow and brown trout in response to light (Dartnall 
1962). Additionally, visual pigments of fishes and spectral sensi-
tivities are known to vary with the environmental light regime (Muntz 
1975). Although light, at least indirectly, does influence the 
paired-pigment ratio according to some authors, water temperature 
may be more critical in shifting the ratio. 
Assuming brown trout can perceive ultraviolet radiation because 
of possession of the paired pigments, is there indeed sufficient 
ultraviolet radiation penetrating the water for the fish to detect? 
Most of the ultraviolet penetration data have been salt water 
orientated; however, some of the data can be used as a reference or 
focal point regarding fresh water. Experiments in the uppermost 
15 meters revealed sea water is much more transparent to ultra-
violet radiation than has been previously assumed. Middle ultra-
violet {MUV) radiation, 280 to 340 nm, can penetrate ·to -ecologically 
significant depths in natural waters (Jerlov 1950; Lenoble 1956; 
Halldal and Taube 1972; Smith and Baker 1979). Ocean water was 
found to be much more transparent to ultraviolet radiation than 
had been assumed (Jerlov 1950). He also mentioned that in the East 
Mediterranean, where clarity of the water equals that of the Sargasso 
Sea, the ultraviolet radiation at 310 nm was reduced by only 14 
7 
percent per meter depth. For the ultraviolet at 375 nm, the corres-
ponding value was 5 percent. In freshwater, UV of 360-365 nm at 
one meter depth in various lakes ranged from 60 to 20% of the surface 
intensity (Wetzel 1975). 
The UV band is composed of wavelengths below 400 nm. Caldwell 
(1979) defined UV-C as UV radiation less than 280 nm, UV-Bas 280 
to 320 nm, and UV-A is 320 to 400 nm. UV-C in quantities lethal 
to unprotected organisms not only have reached the surface of the 
earth but have penetrated 5 to 10 meters into water (Berkner and 
Ma rs ha 11 1 96 5 ) • 
Some authors have ignored the evidence indicating ultraviolet 
radiation penetrates further into natural waters than previously 
suspected. Optical properties of natural waters are known only 
roughly in the ultraviolet region of the spectrum (Smith and Tyler 
1976). The lack of sensitivity of the fish eye to infrared and 
ultraviolet radiations is proportional to the rapid extinction of 
these wavelengths in water (Brett 1957). Tyler and Smith (1967) 
allude to the difficulty in measuring transmittance within the 
wavelength range 350-750 nm because of water differences. 
Water differences aside, a great deal is known about ultraviolet 
radiation penetration in natural waters. However, there does exist 
a notable difference between fresh and salt water which is influenced 
by several factors. The absorbances by river waters of wavelengths 
from 250 to 350 nm are consistently greater than those of sea water 
(Foster and Morris 1974). They added this can be attributed to 
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the relatively large amount of dissolved organic matter in rivers in 
comparison with sea water. In addition, it is also apparent from 
river water spectra that variations occur in the relative absorbance 
of wavelengths among streams. This is particularly obvious when the 
absorbance at longer wavelengths, in which only organic matter 
contributes, is compared with the absorbance at shorter wavelengths 
where inorganic species also absorb. At wavelengths below 250 nm, 
both inorganics and organics contribute towards the absorbance by 
natural waters, whereas above this wavelength, only organic 
materials strongly absorb (Foster and Morris 1974). 
Armstrong and Boalch (1961) maintain that within the spectral 
region, 250-350 nm, organic compounds of diverse nature and low 
individual concentrations which comprise the total dissolved organic 
matter in natural waters, make the most significant contribution to 
the total ultraviolet absorbance. In sea water, only nitrate and 
bromide were of any importance in the absorbance of wavelengths 
below 235 nm (Ogura and Hanya 1966, 1967). Any remaining absorption 
was attributable to the dissolved organic matter present, which 
usually accounted for only a small fraction of the total absorbance 
below 230 nm, but was predominant at longer wavelengths. This is 
in agreement with Foster and Morris (1974). Siebeck (1978) stated 
"ultraviolet measurements recently conducted in a very turbid 
mountain puddle demonstrate that at a depth of 3 cm at 313 nm 25%, 
at 320 nm 35% and at 365 nm 40% of the radiation which penetrated 
the water was still present." 
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It appears that ultraviolet radiation penetration in fresh water 
is dependent on the water quality and particularly on its organic 
load. Variation in UV radiation reaching the earth's surface also 
occurs. Berger et al. (1975) compare the differences in measure-
ments of UV-B between different geographic locations. When 
Philadelphia and Albuquerque data are compared (east coast to 
intermountain area), it is evident that more UV-B radiation reaches 
the intermountain area than the east coast area. In many instances 
the intensity level in Albuquerque is double or more than that of 
Philadelphia. 
Another consideration is whether UV will pass through the cornea, 
lens and vitreus humor of a fish eye, to be detected by the visual 
pigments. Humans do not detect UV because of pigments in the cornea 
and lens (Lythgoe 1979). Fish lenses are transparent to radiation 
down to 340 nm, and the oil droplets in fish eyes are transparent 
down to 350 nm (Lythgoe 1979). There is some indication that while 
fish may detect UV-A, they may not detect UV-B. 
METHODS 
Instruments 
Standardization of Underwater UV Photometer 
For the purposes of this study, the accuracy of ultraviolet 
radiation measurements was paramount. Instrument capability in-
cluding reliability was of extreme importance. An underwater photo-
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meter (Schenk, Instrument No. 9019) possessing the detection sensi-
tivity capability of the UV wavelength band below 400 nm was used. 
The photometer was equipped with UV-sensitive photocells from 
Falkenthal and Presser, a leading company in this range of production. 
This instrument coupled with specific filter (Schott selective 
filters) combinations gave it the capability to measure UV wave-
lengths below 400 nm. The photometer output in total UV energy was 
measured in microamps with a Keithley 130 digital multimeter. The 
internal resistance of the multimeter was less than 100 ohms, which 
was necessary for accuracy when obtaining such low output in 
microamps. 
Visible Light Meter 
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Visible light measurements were taken with a visible light meter 
(Whitney, Model LMD-8A with a response curve capability of approxi-
mately 400 to 720 nm, with output measured in foot-candles). The 
instrument's output capability could only be measured in foot-candles, 
thus the departure from the underwater photometer output in microwatts 
cm -
2 Conversion of foot-candles to microwatts cm - 2 was not done 
because of each instrument's response to different criteria; foot-
candles is a measure of illuminance, while microwatts cm- 2 is a measure 
of energy. A cosine error correction curve was established for this 
instrument because of its variability in sensitivity when light was 
measured at different sun angles. Both the photometer and the visible 
light meter were read at horizontal position, which was maintained by 
a bubble level attached to each instrument. 
Methods of standardizing the UV photometer, deriving a cloud 
intensity UV curve, determining a cosine error for the visible light 
meter, and correcting visible light readings for refraction are 
presented in Appendix B. 
Laboratory Experiments 
Wild brown trout ranging from 12 to 30 cm in total length were 
obtained from the Right Fork of the Logan River by electro-fishing. 
The fish were fed a natural diet of sectioned night crawlers every 
other day throughout the duration of the experiment. Holding 
facilities consisted of a circular fiberglass tank with flow-through 
capabilities. Municipal water was run through a two-staged filter 
system located above the tank. The filter system consisted of 0.3 
meter of activated charcoal for chlorine elimination and 0.6 meter 
of plastic shotgun shell \~ads providing a trickledown splash system 
which eliminated oxygen and nitrogen supersaturation. The water 
exchange rate was quite rapid and the dissolved oxygen level was main-
tained at 4.5 to 5.0 ppm; the water temperature was maintained at 13 
to 16 C. Scheduled lighting was maintained throughout the holding 
period. Overhead cover was provided with floating boards. 
Permanent tags were not attached to avoid traumatizing the fish. 
Bachman's (1982) procedure of diagramming the arrangement of dark 
pigment spots on the back of the fish in the vicinity of the dorsal 
fin was used to identify individual fish. 
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Laboratory Experimental Procedures 
The experimental unit consisted of a 213 cm X 61 cm X 56 cm 
deep tank system which provided a controlled environment maintaining 
a 13 to 16 C temperature and a dissolved oxygen concentration of 
5.5 ppm. An opaque section of plexiglass was used to bisect the 
tank, with an opening on the bottom for fish passage between the two 
chambers. 
Visible light (300 watt source), with intensity controlled 
with a rheostat, was positioned above one chamber of the tank. 
Visible light readings were measured and recorded throughout the 
bottom of the test chamber in 25 cm of water at various rheostat 
voltages ranging from 20 to 120 volts. A fish's position could then 
be related to the intensity of visible light at any specific position. 
The UV radiation source was obtained from two blacklight 
flourescent bulbs positioned above the other test chamber. The 
blacklight UV emission band was measured with a spectrophotometer 
to insure that the UV spectral output was similar to natural sun-
light. The spectral band was similar, however, its intensity was 
less than that of sunlight. Alteration of UV intensity from these 
bulbs could only be achieved by varying the bulb height above the 
water surface . Again, as with the visible light, the UV intensities 
were measured and recorded at the bottom of the test chamber and 
the position of the fish was related to the previously recorded UV 
intensity for that specific location. 
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The blacklight spectral band consisted of not only UV radiation, 
but also a small amount of visible blue light. The UV and the 
visible blue light emissions from the blacklight had to be separated 
to determine if fish response was specific to either one of these 
components. To clarify this, a band specific filter material 
(Llumar, Martin Processing, Inc.) which transmitted 80% of the visible 
spectrum and blocked transmission of the UV spectral band was in-
stalled in one test chamber. The opposite chamber of the test tank 
consisted of blacklight only, no Llumar filter, and emitted both UV 
and the small amount of visible blue light. 
Equal intensities of visible blue light were then maintained 
in both experimental units, the only difference being one unit was 
subjected to UV in addition to the blue light. In all tests, the 
fish avoided the UV-blue light chamber and positioned themselves in 
the blue light only chamber. Blue light intensity in the blue light 
only chamber was increased, and the test repeated. Again, the fish 
avoided the UV-blue light chamber and positioned themselves in the 
higher intensity visible blue only chamber. Therefore, the fish 
were avoiding the UV component of the blacklight emission and were 
not cuing on the small amount of visible blue the blacklight was 
also emitting. The following test sequence could then be initiated 
and responses noted. 
Tolerance Test Format 
Thirty fish were run three times each through a range in visible 
and UV light intensities such that an avoidance range of visible 
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and UV intensities could be identified fr001 fish response. Each 
individual fish was run through the sequence three times in suc-
cession. Two minutes were allowed for response to each change in 
intensity; five minutes were allowed at position after response and 
before the next element of the sequence was initiated. The test 
sequence is outlined in Figure l. 
Field Data Collection 
A segment of the Blacksmith Fork River with a variety of ri-
parian habitat along a pool-riffle-pool-riffle sequence was chosen 
for the field data collection. These stations were chosen because 
of previous studies indicating areas where fish were observed or 
not observed. Seven sampling stations were located along this seg-
ment of the river. Ultraviolet and visible light measurements were 
taken ten times at each sampling station during the daylight hours 
of July 31, 1982, beginning at 8:00 am and ending at 7:00 pm. Data 
were taken on the hour with the exception of 12:00 and 3:00 pm. 
Data collection was done during clear, bright-sun, and intennittent 
windy conditions. Both UV and visible light intensities were mea-
sured at nearly the same time and same depth regime at each station. 
Visible light measurements were corrected by using the cosine cor-
rection factor in sun angle calculations. 
The stations were described as follows: 
Station 1 - Open riffle. 
Station 2 - Intennittent shade - under river birch with 
branches several feet above the water. 
15 
Te s t Se qu e nce St ep s : 
l - No light source in eith e r t es t c ha mber. 
2 - Ambient visible room light pr e sent at th e 
the holding tank room. 
sa me intensity as in 
3 - Fish inserted; allowed to wander through es cape route into both 
chambers; allowed to acclimate for 30 mi n ut es . 
4 - When fish positioned itself in t es t ch a mbe r o f visible light 
emission only, test sequenc e was in it iat ed . 
UV Test Chamber Visible Light Test Chamber 
--------
5 i~~e~:~~~es vt~!~~!i!t~:t1 ;_1 
.._ ______ __. < were same > .... ---------r---
6 
7 
UV decreased 8 
until fish 
moved to UV 
chamber . 
9 
UV decreased 10 
to i ntens i ties 
lower than in 
Step 9 . 
The UV was 11 
increased in 
increments 
-·-·-·----·-·-·-·--·-·- ·--
.----------.The visible 
Visible light was in-UV - high 
intensities light - high creased until intensities fish moved to 
..._ ____ __ _. UV chamber . 
. -.-·-·-·-·- ·-·-·-·-·-·---
UV - high 
intensities 
Visible light .--_-V-i~· s---,-i_b_l_e_-,t,-,The visible 
intensities tight - . lc;,w light chamber t t was then de-< were same > in ensi ies creased to the 
..._ ______ __,, intensities in 
·----·-·-·-·-·-·- ·- ·- ·-·-J 
Steo 5 and the 
fish moved to 
the visible 
light ch~er 
UV - low 
intensities 
Lower 
< Vi!,,ible 
light 
._ _______ , once again. 
·-·-·-·-·-·-·t 
UV - low ~~·_;/·®:> I 
intensities V~sible . l~ght intensities _ 
..__ ______ < were same > ..._ _____ _, 
·-·-·-·-·-·-.I Initally visible light was lower, 
then -------. 
Vtsible _light I intensities 
intensities < were same > .,_ ____  
UV - lower 
I·-·-·-·-·-·-·-·-·- ·-·-·r 
UV -
intensities 
increased < were same> 
'-------- ... until a UV in-
tensity was reached 
where the fish 
avoided the chamber. 
Vtsible _ltghtd intensities 
® - indicates fish position 
<-•-•-•- - indicates fish movement 
FIGURE 1.-Tolerance test sequence. 
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Station 3 - Extended shade - under river birch with 
branches hanging close to the water. 
Station 4 - Brush overhanging on bank area. 
Station 5 - Lower pool - open area. 
Station 6 - Brush and willow overhanging on bank area. 
Station 7 - Pool - open area. 
RESULTS AND DISCUSSION 
Laboratory 
The subsample of the brown trout population of the Right Fork 
of the Logan River did avoid visible light at various intensities 
under laboratory testing conditions. During the test sequence 
{Figure l) described in the methods (step-6), the visible light 
chamber was incr~ased in intensity until the fish moved to the UV 
chamber. The avoidance value in foot-candles of visible light at 
the location vacated by the fish was noted (Table 1). The visible 
light avoidance response intensity value was the overall mean (X) 
of the 30 fish tested in three separate runs. In order to test the 
validity of the overall mean, the variance in the means obtained 
among the three separate runs was compared. This was accomplished 
by an analysis of variance-randomized block-two factor analysis. 
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TABLE 1.-Individual brown trout avoidance response to UV and visible 
light intensities during three successive sequence runs. 
Ultraviolet radiation Visible 1 ight 
Fish (uwatts cm-~) (foot-candles) 
Identification Runs Runs 
1 -2- 3 -2- 3 
1 7257 3500 725 7 980 960 1000 
2 1192 1192 604 600 480 580 
3 1192 604 604 1100 1200 360 
4 3500 3500 7257 360 960 480 
5 3500 3500 3500 1100 980 460 
6 604 3500 3500 1000 1100 480 
7 1192 3500 3500 310 1300 960 
8 604 604 604 480 520 160 
9 3500 3500 7257 640 320 180 
10 1192 3500 3500 1100 480 640 
1 l 1192 3500 1192 400 200 710 
12 3500 3500 1192 260 180 200 
13 1192 1192 1192 1000 200 980 
14 1192 3500 1192 160 660 480 
15 7257 7257 7257 360 480 420 
16 3500 3500 3500 1600 1600 1600 
17 3500 7257 7257 200 180 160 
18 1192 7257 3500 1200 710 680 
19 1192 3500 3500 1100 960 640 
20 7257 1192 7257 480 180 160 
21 1192 3500 1192 1100 180 480 
22 7257 7257 3500 1100 480 1100 
23 7257 3500 7257 580 480 600 
24 1192 3500 3500 1300 1300 1300 
25 3500 1192 3500 300 180 260 
26 1192 7257 7257 360 480 340 
27 1192 604 1192 220 1100 900 
28 604 1192 1192 960 960 600 
29 3500 7257 3500 160 1400 260 
30 1192 3500 1192 600 420 210 
X = 3500 uwa tts -2 X = 646 foot-candles 
TABLE 2.-Analysis of variance and corresponding F-test regarding 
visible light response values. 
Source of Sum of Degrees of Mean F Tabular 
variance squares freedom square value F 
l - Among runs 274,508 2 137,254 1.59 3. 17 
2 - Among fish 8,980,995 29 309,689 3.58* 1.69 
3 - Residual 5,007,624 58 86,338 
Total 14,263,128 89 
* F-test significant at 5%. 
The three separate runs were not significantly different at the 
(F, .05) level (Table 2). Therefore, the overall mean visible light 
avoidance response intensity (X = 646 foot-candles, with 95% confi-
dence limits of 562 to 730 foot-candles), sample standard deviation 
(S = 402 foot-candles), and population standard deviation (a= 400 
foot-candles) were calculated on the total three-run data. The 
sample and population standard deviations were quite high, however, 
they were below the mean value. The variance in individual response 
w a s s i g n if i ca n t a t the ( F , • 0 5 ) l eve l (Ta b l e 2 ) , bu t co u l d be the 
true picture of the variability of the total population. A computed 
(r) value of 0.018 indicated there was little correlation between 
length of the fish tested (12 to 30 cm) and the fish response to 
visible light intensity, and therefore was not a factor in the signi-
ficant individual variance. The histogram (Figure 2) suggests the 
variability in visible light response is similar to a nonnal distri-
bution curve with extreme responses on each end. 
Continuing with step-6, the UV intensities varied throughout 
the UV chamber and the fish typically sought a location of minimum 
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FIGURE 2.-Visible light avoidance 
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UV intensity. Thus far, the fish avoided a high visible light in-
tensity, sought the lower visible light intensity in the UV chamber, 
and tolerated a UV intensity lower than the maximum in the chamber. 
_2 
The UV value in microwatts cm at the location where the fish posi-
tioned itself was noted. 
Step-8 of the test sequence consisted of the UV chamber now 
having a lower intensity of visible light than the visible light 
chamber and the fish could conceivably be cuing on the visible light 
intensity. At this point in the sequence, they tolerated low in-
tensity UV to get to the lower intensity of visible light in the UV 
chamber. When the intensity in the visible light chamber was reduced 
to the same level as that in the UV chamber (step-9), the fish wan-
dered between the two chambers. This implied that with similar low 
visible light intensities in both chambers, they did not respond to 
the low UV intensities. In other words, at low visible light inten-
sities in both chambers, low UV was tolerated or not detected. 
When the fish avoided the UV chamber (step-11), the lowest UV 
intensity in the chamber was then noted as the intolerance level of 
UV for that particular test fish (Table 1). Reiterating, both test 
chambers had the same amount of visible light, the only difference 
being the UV light in the chamber the fish avoided. 
Therefore, the subsample of brown trout also avoided UV radiation 
at various intensities under similar laboratory testing conditions. 
The UV avoidance response intensity value was the overall mean (X) 
of the 30 fish tested in three separate runs. Similarly, compared 
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to visible light data, the variance in the means obtained among the 
three separate runs was tested by an analysis of variance-randomized 
block-two factor analysis. 
TABLE 3.-Analysis of variance and corresponding F-test regarding 
ultraviolet response values. 
Source of Sum of Degrees of Mean F Tabular 
variance squares freedom square value F 
l - Among runs 854 2 427 2.135 3.17 
2 - Among fish 21,261 29 733 3.6-65* 1.69 
3 - Residual 11,621 58 200 
Total 33,736 89 
* F-test significant at 5%. 
The three separate runs were not significantly different at the 
(F, .05) level (Table 3). Therefore, as with the visible light data, 
the overall mean UV avoidance response intensity (X = 3500 microwatts 
cm-
2
, with 95% confidence limits of 3003 to 4002 microwatts cm-2 ), 
sample standard deviation (S = 2789 microwatts cm-2 ), and population 
standard deviation (0 = 2774 microwatts cm-2) were calculated on the 
total three-run data. In comparison to visible light values, the 
sample and population standard deviations were similarly high. The 
variance in individual response was significant at the (F, .05) 
level (Table 3). A computed (r) value of 0.1460 indicated there 
was little correlation between the length of the fish tested (12 to 
30 cm) and the fish response to UV intensity, and therefore was not 
a factor in the significant individual variance. The variability 
was not unexpect~d, and the histogram (Figure 3) suggested that the 
UV response was similar to a nonnal distribution curve. 
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Field 
Figures 4 through 10 represent the surface and subsurface values 
of visible (upper) and UV (lower) light at specific sampling stations 
during July 31, 1982. The solid lines in each figure represent the 
surface values of visible and UV light over time of day, and the 
broken lines represent the visible and UV light intensities at the 
maximum depth measured at that specific station. ·· The horizontal 
lines are the overlays of the laboratory UV and visible light mean 
avoidance intensities (solid) and the 95% confidence limits (dashed) 
of the respective mean values. 
Gosse and Helm (1982) report brown trout select locations for 
resting where visible light intensities do not exceed 5% (500 foot-
candles) of full incident sunlight. The above measurements were not 
corrected for cosine error, and thus would be somewhat lower than 
measurements made during this study. Neither the mean avoidance 
visible light intensity (646 foot-candles) nor the lower confidence 
limit (562 foot-candles) is greatly different than the 500+ foot-
candles value Gosse and Helm report for wild, free-ranging brown 
trout. 
UV and visible light intensities measured near the substrate 
suggest that the fish would not use these areas for resting during 
the time when the respective critical avoidance intensities were 
exceeded as detennined by the UV and visible light avoidance experi-
ments. The difference in times when the two avoidance intensities 
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first occurred in the morning or last occurred in the evening varied 
between a few minutes to about an hour, with visible light intensities 
always reaching avoidance values at the same time or prior to and 
lasting until the same time or later than UV (Figures 4-10). Since 
most time differences ranged from near zero to less than 30 minutes, 
it hardly appears justified to identify either visible or UV as the 
most important light component in regulating brown trout positions. 
However, the field measurements demonstrate the greater value of 
one riparian vegetation type over another. These observations are 
made with the qualification that UV and visible light intensities 
do indeed affect the daylight residence time of brown trout in 
specific habitat types. 
Riffle or pool open area data (Figures 4, 8, 10) suggest that 
daylight residence time would be shorter than residence time at 
other stations based on UV and visible light avoidance experiments. 
Figure 6 illustrates the possible extention of residence time under 
an overhanging tree with branches close to the water surface. The 
high peaks in UV and visible light intensities are attributed to the 
changing sun angle. With low-hanging branches however, a fish could 
move a short distance and again find a location with light intensi-
ties below avoidance levels. A sparse overhanging canopy (Figure 5), 
or a dense overhanging canopy far above the water surface would not 
provide such an opportunity, and thus is less valuable in providing 
shade. 
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The importance of low overhanging riparian vegetation is illus-
trated by Figures 7 and 9. Both stations provided extended residence 
time based on UV and visible light mean avoidance intensities. The 
UV critical intensity was never reached throughout the daylight hours 
at these two sampling stations, and the visible light just reached 
critical intensity for only a short time at one station. Station 6 
(Figure 9) was identified as a known resting area from previous 
studies. 
When sun angle change was considered, low overhanging brush pro-
vided a more uniform sanctuary during the daylight hours compared to 
higher overhanging tree canopy. Calculated percent residence time 
during daylight hours at each station type (Table 4) illustrates 
the theoretical amount of time various habitats could be used under 
acceptable UV and visible light conditions. The increased value of 
low overhanging riparian vegetation over other riparian types is 
clearly evident. 
Appendix 8, Figure 12 illustrates the decline in visible light 
and UV intensities with respect to cloud cover above the surface of 
the water. As cloud intensity increased, UV values decreased more 
dramatically than visible light values. The broken horizontal lines 
are the critical avoidance response intensity values. Some in-
ferences can be drawn on the affect of cloud cover on ultraviolet 
and visible light at locations near the stream bottom typically 
occupied by brown trout from an examination of Figures 4-10 (see also 
Appendix A, Tables 5-11). Light input depressed by cloud cover will 
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TABLE 4.-Theoretical percent residence time at each specific station 
based on subsurface UV and visible light mean avoidance values. 
Station 
6 
4 
3 
2 
l 
7 
5 
Station 
6 
4 
3 
2 
l 
7 
5 
Ultraviolet 
Residence time in 
daylight hours 
Percent residence 
time 
11 
11 
7 
6 
4 
3 
2 
Visible Light 
100 
100 
64 
55 
36 
27 
18 
Residence time in Percent residence 
daylight hours time 
11 100 
11 100 
7 64 
5 45 
4 36 
2 18 
2 18 
be further reduced by reflection and absorption, depending upon time 
of day, surface agitation and depth. The ultraviolet light values 
reported for Philadelphia and Albuquerque indicate that the values 
in Figures 4-10 and Appendix A, Tables 5-11, could be reduced by 0.5 
or more to be representative of conditions in Pennsylvania. 
Conclusions 
Under laboratory testing conditions, the hypothesis stating 
brown trout cannot detect ultraviolet radiation was rejected. The 
hypotheses stating brown trout will avoid UV and visible light above 
some threshold intensity could not be rejected. 
When the UV and visible light mean avoidance response intensities 
are overlaid onto the light penetration graphs at each field station, 
it is apparent the riparian vegetation type consisting of low over-
hanging brush provides a more consistent refuge of low UV and visible 
light intensities throughout the daylight hours when compared to the 
other riparian types. These areas harbor light intensities below 
the mean avoidance response intensities found in the laboratory 
experiments, and subsequently could be used by resting brown trout 
more consistently through the day than other habitat types. 
Riparian types consisting of large overhanging trees may reduce 
the UV and visible light values in the stream beneath them to below 
the mean avoidance response levels intennittently during the day. 
However, sun angle and sunlight penetration under high overhanging 
limbs change these values during the course of the day. 
It appears brown trout will avoid high and moderate levels of 
both ultraviolet and visible light. If brown trout in the wild are 
cuing on the mean avoidance levels of ultraviolet and visible light, 
the affects of the two can not be separated because the two avoid-
ance levels are reached at nearly the same time of day. 
34 
35 
REFERENCES 
ALLEN, D. M. 1971. Photic control of the proportions of two visual 
pigments in a fish. Vision Research 11 :1077-1112. 
ALLEN, D. M., AND W. N. MCFARLAND. 1973. The effect of temperature 
on rhosopsin-porphyropsin ratios in a fish. Vision Research 
13: 1303-1308. 
ALLEN, D. M., W. N. MCFARLAND, F. W. MUNZ, AND H. POSTON. 1973. 
Changes in the visual pigments of trout. Canadian Journal of 
Zoology 51:901-914. 
ARMSTRONG, F. A. J., AND G. T. BOALCH. 1961. The ultraviolet 
absorption of sea water. Journal of Marine Biology Association 
U.K. 41:591-597. 
BACHMAN, R. A. 1982. Foraging behavior of free-ranging wild brown 
trout (Salmo trutta) in a stream. Ph.D. Dissertation. The 
Pennsylvania State University, State College. 75 pp. 
BACHMAN, R. A., W.W. REYNOLDS, AND M. E. CASTERLIN. 1979. Diel 
locomotor activity patterns of wild brown trout (Salmo trutta h) 
in an electronic shuttle box. Hydrobiologia 66:45-47. 
BEATTY, D. D. 1966. A study of the succession of visual pigments in 
Pacific salmon (Oncorhynchus). Canadian Journal of Zoology 
44: 429-454. 
BEATTY, D. D. 1975. Rhodopsin-porphyropsin changes in paired-
pigment fishes. Pages 635-644 in M.A. Ali, editor. Vision in 
fishes: New approaches in research. Plenum Press, New York 
and London. 
BERGER, D., D. F. ROBERTSON, R. E. DAVIES, AND F. URBACH. 1975. 
Field measurements of biologically effective uv radiation. 
Pages 2-235 to 2-264 in D.S. Nachtwey, M. M. Caldwell, and 
R. H. Biggs, editors.-Impacts of climatic change on the biosphere. 
Part I - Ultraviolet radiation effects. CIAP Monograph 5. 
United States Department of Transportation. Washington, D.C. 
BERKNER, L. V., AND L. C. MARSHALL. 1965. On the origin and rise 
of oxygen concentration in the earth's atmosphere. Journal of 
Atmospheric Science 22:225-261. 
BRETT, J. R. 1957. The sense organs: the eye. Pages 121-154 in M. E. 
Brown, editor. The physiology of fishes, volume 2. Academ","'c Press, 
New York, New York, USA. 
BRIDGES, C. D. B. 
(Salmo irideus). 
1956. The visual pigments of the rainbow trout 
Journal of Physiology 134:620-629. 
CALDWELL, M. M. 1979. Plant life and ultraviolet radiation: some 
perspective in the history of the earth's uv climate. BioScience 
29(9):520-525. 
CHASTON, I. 1968. Influence of light on activity of brown trout 
(Salmo trutta). Journal of the Fisheries Research Board of 
Canada 25:1285-1289. 
DARTNALL, H.J. A. 1962. The photobiology of visual processes. 
Pages 323-533 in H. Davson, editor. The eye, volume 2. Academic 
Press, New Yorkand London. 
DARTNALL, H.J. A., M. R. LANDER, AND F. W. MUNZ. 1961. Periodic 
changes in the visual pigments of a fish. Pages 203-213 in 
B. Christensen and B. Buchmann, editors. Progress in photobiology. 
Elsevier, Amsterdam. 
36 
FOSTER, P. AND A. W. MORRIS. 1974. Ultra-violet absorption character-
istics of natural waters. Water Research 8:137-142. 
GOSSE, J.C. AND W. T. HELM. 1982. A method for measuring micro-
habitat components for lotic fishes and its application with regard 
to brown trout. Proceedings of the Symposium on Acquisition and 
Utilization of Aquatic Habitat Inventory Infonnation. American 
Fisheries Society Special Publication. 
HALLDAL, P. AND 0. TAUBE. 1972. Pages 162-188 in A. C. Giese, 
editor. Photophysiology, volume 7. AcademicPress, New York. 
JACQUEST, W. L., AND D. D. BEATTY. 1972. Visual pigment changes in 
the rainbow trout, Salmo gairdneri. Canadian Journal of Zoology 
50:1117-1126. 
JERLOV, N. G. 1950. Ultra-violet radiation in the sea. Nature 166: 
111-112. 
KAMPA, E. M. 1953. New fonns of visual purple from the retinas of 
certain marine fishes: a re-examination. Journal of Physiology 
119: 400-409. 
LENOBLE, J. 1956. Annuals of Geophysics 12:16. 
LYTHGOE, J. N. 1979. The ecology of vision. Oxford Clarendon 
Press, New York Oxford University Press. 244 pp. 
MUNTZ, W.R. A. 1975. Visual pigments and the environment. Pages 
567-577 in M.A. Ali, editor. Vision in fishes: New approaches 
in research. Plenum Press, New York and London. 
MUNTZ, W. R. A. AND D. P. M. NORTHMORE. 1973. Scotopic spectral 
sensitivity in a teleost fish (Scardinius erythrophthalmus) 
adapted to different day lengths. Vision Research 13:245-252. 
MUNZ, F. W., AND D. D. BEATTY. 1965. A critical analysis of the 
visual pigments of salmon and trout. Vision Research 5:1-17. 
NORTHMORE, D. P. M. AND W. R. A. MUNTZ. 1970. Electroretinogram 
determinations of spectral sensitivity in a teleost fish adapted 
to different day lengths. Vision Research 10:799-816. 
OGURA, N., AND T. HANYA. 1966. Nature of ultra-viol et absorption of 
sea water. Nature 212:758. 
OGURA, N., AND T. HANYA. 1967. Ultra-violet absorption of sea 
water in relation to organic and inorganic matters. International 
Journal of Oceanology and Limnology l :91-102. 
SIEBECK, 0. 1978. Ultraviolet tolerance of planktonic crustaceans. 
Verh. Internat. Verein. Limnol. 20:2469-2473. 
SMITH, R. C., AND K. S. BAKER. 1979. Penetration of UV-Band biolo-
gically effective dose-rates in natural waters. Photochemistry 
and Photobiology 29:311-323. 
SMITH, R. C., AND J. E. TYLER. 1976. Transmission of solar 
radiation into natural waters. Photochemistry and Photobiology 
Review l :117-155. 
SWIFT, D. R. 1962. Activity cycles in the brown trout (Salmo 
trutta Lin). I. Fish feeding naturally. Hydrobiologia 20:241-247. 
SWIFT, D.R. 1964. Activity cycles in the brown trout (Salmo 
trutta Lin.). 2. Fish artificially fed. Journal of the Fisheries 
Research Board of Canada 21 :133-138. 
TSIN, T. C. A. 1979. The visual pigment composition of rainbow 
trout. Vision Research 19:131-135. 
TSIN, T. C. A., AND D. D. BEATTY. 1977. Visual pigment changes in 
rainbow trout in response to temperature. Science 195:1358-1360. 
TYLER, J. E., AND R. C. SMITH. 1967. Spectroradiometric character-
istics of natural light under water. Journal of the American 
Optical Society 57(5):595-601. 
WETZEL, R. G. 1975. Limnology. W. B. Saunders Company, 
Philadelphia. 
WALD, G. 1941. The visual system of euryhaline fishes. Journal 
of General Physiology 25:235-245. 
37 
38 
APPENDICES 
39 
Appendix A. Tables 
TABLE 5.-Ultraviolet radiation and visible light penetration at 
designated time during daylight hours at specific sampling station. 
Station 1 -- Riffle - o~en area 
40 
Depth Visible light Ultraviolet radiation 
Time 
8:00 am 
10:00am 
11: ooam 
2:00pm 
( Feet) 
Surface 
.5 
1.0 
1.5 
Surface 
.5 
1 • 0 
1.5 
Surface 
.5 
1.0 
1. 5 
Surface 
. 5 
1 .0 
1.5 
Surface 
. 5 
1. 0 
,. 5 
Surfa ce 
.5 
1.0 
1.5 
Surface 
.5 
1.0 
1.5 
(Foot-candles)* 
1083 
268 
207 
171 
1095 
432 
295 
250 
10000+** 
6596 
4469 
3404 
10000+ 
9375 
7500 
5000 
10000+ 
10000+ 
9592 
8163 
10000+ 
10000+ 
9592 
8367 
10000+ 
4167 
3125 
2500 
(Microwatts 
3102 
2448 
1911 
1480 
4352 
3614 
2736 
2044 
10185 
9680 
8280 
7192 
12450 
11776 
11210 
10058 
13750 
13440 
13020 
12180 
13780 
13585 
12240 
11684 
12960 
11280 
9374 
7704 
_2 
cm ) 
-------------------------------------------------------------------------5:ooPm Surface 10000+ 10976 
.5 4255 7950 
l .0 1914 4002 
1.5 532 3243 
41 
TABLE 5 - continued 
Depth Visible light Ultraviolet radiation 
Time 
6:00pm 
7: oopm 
( Feet) 
Surface 
.5 
1.0 
1.5 
Surface 
.5 
1.0 
1.5 
(Foot-candles)* 
1234 
467 
311 
244 
1692 
381 
238 
190 
(Microwatts 
4140 
3408 
3003 
1898 
3102 
2448 
2175 
1628 
crn 
* Cosine error corrected values based on sun angle for surface 
measurements and water refraction correction for below surface 
measurements. 
** Visible light meter maximum measurement capability was 10,000 
foot-candles. 
_2 ) 
TABLE 6.-Ultraviolet radiation and visible light penetration at 
designated time during daylight hours at specific sampling station. 
Station 2 -- Riffle, midstream, mottled shade, 5ranches overhead 
42 
Depth Visible light Ul travi ol et radiation 
2 
Time ( Feet) (Foot-candles) ( Mi crowa tts -cm ) 
8: 1 Dam Surface 750 1911 
.5 146 1296 
1.0 110 1050 
1.5 88 755 
2.0 73 604 
-------------------------------------------------------------------------9:05am 
10:05am 
11:05am 
1: 05pm 
Surface 
.5 
1.0 
1. 5 
2.0 
Surface 
.5 
1.0 
1.5 
2.0 
Surface 
.5 
1.0 
1.5 
2.0 
Surface 
.5 
1.0 
1.5 
2.0 
Surface 
.5 
1.0 
1,5 
2.0 
Surface 
.5 
1.0 
1,5 
2.0 
810 
273 
205 
148 
125 
528 
319 
234 
191 
160 
8242 
6250 
2083 
1250 
833 
10000+ 
6122 
2449 
1837 
1837 
10000+ 
2449 
2449 
612 
592 
8696 
8333 
6250 
5417 
4792 
2736 
2448 
1764 
1480 
1192 
3124 
2592 
1885 
1752 
1480 
7380 
6063 
5720 
3753 
2736 
12441 
10185 
7800 
8468 
4521 
6400 
4488 
2880 
2736 
2736 
12180 
11592 
10890 
8664 
8024 
43 
TABLE 6 - continued 
Depth Visible light Ultraviolet radiation 
Time 
s:osPm 
( Feet) 
Surface 
.5 
1 .0 
1. 5 
2.0 
Surface 
.5 
1 • 0 
1.5 
2.0 
Surface 
.5 
1 • 0 
1.5 
2.0 
(Foot-candles) 
10000+ 
6383 
5426 
4468 
3404 
10000+ 
4222 
2222 
1667 
1000 
10000+ 
595 
524 
524 
107 
(Microwatts 
10506 
9006 
7854 
6944 
6192 
5544 
4958 
3500 
2880 
2736 
1911 
1628 
1480 
1296 
1480 
_2 
cm ) 
Note: When comparing surface values proportionally i.e., VL/UV, values 
were inconsistent because of the swaying over-hanging branches 
giving a mottled sun-shade effect on the water surface. 
Maximum depth measurements were a more consistent guage of UV 
and VL values. Additionally, the proportion is also 
influenced by sun angle. At low sun angle (early morning 
and late afternoon) much less UV gets to the earth (pro-
portional to visible light) than when the sun is at its 
zenith. This should be noted for all sampling stations. 
TABLE ?.-Ultraviolet radiation and visible light penetration at 
designated time during daylight hours at specific sampling station. 
Sta ti on 3 -- Riffle, midstream, total shade runder river birchl 
44 
Depth Visible 1 igh t Ultraviolet radiation 
Time ( Feet) (Foot-candles) (Mic row a tts _2 cm ) 
8:15am Surface 167 306 
.5 27 153 
1.0 22 153 
1 . 5 17 153 
2.0 11 153 
2.5 9 153 
-------------------------------------------------------------------------9: 1 oam Surf ace 428 755 
. 5 114 604 
1 • 0 82 453 
1. 5 80 306 
2.0 48 306 
2.5 44 306 
1 o: 1 oam Surface 361 1050 
• 5 170 906 
1.0 128 608 
1 • 5 85 608 
2.0 70 456 
2,5 55 456 
11: 1 oam Surface 374 1341 
.5 229 1200 
1.0 146 906 
1.5 115 755 
2.0 83 608 
2.5 83 456 
1 : 1 opm Surface 515 1480 
.5 224 1480 
1.0 214 1192 
1.5 204 1192 
2.0 184 755 
2.5 153 755 
2: 10pm Surf ace 4124 2592 
.5 612 2190 
1.0 408 1192 
1.5 224 1011 
2.0 184 900 
2.5 153 755 
45 
TABLE 7 - continued 
Depth Visible light Ultraviolet radiation 
Time ( Feet) (Foot-candles) (Microwatts _2 cm ) 
4: l oPm Surface 10000+ 12348 
• 5 6250 11748 
l • 0 5729 11500 
1.5 5417 l 1305 
2.0 3333 7744 
2.5 2292 4488 
5: l oPm Surface 10000+ 9120 
.5 6596 7854 
1.0 4894 7320 
1.5 3617 7316 
2.0 2766 4958 
2.5 2128 4110 
6:10pm Surface 2128 1480 
.5 667 2175 
1.0 222 3500 
1.5 178 2880 
2.0 178 2044 
2.5 133 2044 
7: l Opm Surface 3846* 900 
.5 619 1296 
1.0 1067 1296 
1.5 952 900 
2.0 452 604 
2.5 238 453 
* Value greater than previous hour because of sun coming in under 
canopy. 
TABLE 8.-Ultraviolet radiation and visible light penetration at 
designated time during daylight hours at specific sampling station. 
Sta ti on 4 -- Right shoreline bank, shade area 
46 
Depth Visible light Ultraviolet radiation 
Time 
8:20am 
10: l 5am 
11 : l 5am 
1 : l 5pm 
5:15pm 
( Feet) 
Surface 
.5 
1.0 
Surface 
.5 
1.0 
Surface 
.5 
1.0 
Surface 
.5 
1.0 
Surface 
.5 
1.0 
Surface 
.5 
1.0 
Surface 
.5 
1 • 0 
Surface 
.5 
1.0 
Surface 
.5 
1.0 
Surface 
.5 
1.0 
( Foot-cand 1 es) 
417 
73 
41 
1143 
284 
182 
625 
234 
191 
593 
250 
167 
515 
345 
224 
619 
388 
204 
4348 
938 
396 
5000 
468 
426 
2000 
556 
444 
3538 
476 
381 
(Microwatts 
1050 
604 
453 
1296 
894 
604 
1885 
1192 
906 
2044 
1200 
906 
2175 
1911 
1628 
2044 
1341 
755 
8260 
3525 
3124 
3243 
1764 
1341 
2448 
1341 
1043 
1192 
755 
604 
_2 
Cm ) 
TABLE 9.-Ultraviolet radiation and visible light penetration at 
designated time during daylight hours at specific sampling station. 
Station 5 -- Lower end of 6ush Q0012 OQen area 
47 
Depth Visible light Ultraviolet radiation 
Time ( Feet) (Foot-candles) (Microwatts _2 cm ) 
8:25am Surface 2000 4002 
.5 451 3500 
1.0 329 2860 
1.5 293 2304 
2.0 268 1764 
2.5 220 1480 
3.0 195 1192 
9:25am Surface 10000+ 8190 
.5 4545 7686 
1.0 3409 6875 
1.5 3182 5092 
2.0 2841 4250 
2.5 2273 3614 
3.0 1932 2860 
10: 20am Surface 10000+ 10961 
.5 7234 10506 
1.0 6383 9213 
1.5 5106 8250 
2.0 4255 7442 
2.5 3404 6192 
3.0 2872 4860 
11:20am Surface 10000+ 13300 
.5 10000 12975 
1.0 8542 12600 
1.5 7292 10890 
2.0 5000 10070 
2.5 4375 8260 
3.0 4167 8260 
l: 20pm Surface 10000+ 13832 
.5 10000+ 13716 
1.0 7347 13570 
1.5 6531 12636 
2.0 5918 11232 
2.5 4898 10609 
3.0 3673 9296 
48 
TABLE 9 - continued 
Depth Visible light Ultraviolet radiation 
( Feet) (Foot-candles) (Microwatts _2 Time cm ) 
2:20pm Surf ace 10000+ 14304 
.5 10000+ 14063 
1.0 9796 13420 
1.5 8367 13332 
2.0 7245 12710 
2.5 6327 11830 
3.0 4184 11115 
4:20pm Surface 10000+ 12792 
.5 9583 12348 
1.0 8125 11374 
1.5 6042 10058 
2.0 4792 8541 
2.5 3333 7920 
3.0 3125 6875 
5:20pm Surface 10000+ 9592 
.5 6596 9006 
1.0 4255 7973 
1.5 3830 6875 
2.0 2979 5764 
2.5 2234 5502 
3.0 1702 4860 
6:20pm Surface 8936 6875 
.5 4000 5850 
1.0 3111 4958 
1.5 1556 4123 
2.0 1333 3243 
2.5 1111 2592 
3.0 889 2592 
7:20pm Surf ace 1846 3243 
.5 381 2592 
1.0 286 2175 
1.5 238 1628 
2.0 190 1296 
2.5 167 1192 
3.0 131 1043 
TABLE 10.-Ultraviolet radiation and visible light penetration at 
designated time during daylight hours at specific sampling station. 
Station 6 -- Right bank in shade, rest area 
49 
Depth Visible light Ultraviolet radiation 
Time ( Feet) 
Surface 
.5 
l • 0 
1.5 
(Foot-candles) 
833 
195 
110 
85 
_2 (Microwatts cm ) 
755 
604 
453 
306 
9: 35am Surface 2381 1296 
11:25am 
l : 25pm 
.5 705 894 
1.0 568 894 
1.5 386 755 
Surface 
.5 
1.0 
1.5 
Surface 
.5 
1 • 0 
1.5 
Surface 
.5 
1.0 
1.5 
Surf ace 
.5 
1.0 
1.5 
Surface 
.5 
l.O 
1.5 
Surface 
.5 
1 • 0 
1.5 
2500 
957 
426 
383 
681 
417 
396 
250 
515 
204 
184 
184 
495 
306 
204 
163 
326 
208 
94 
94 
316 
191 
128 
64 
2175 
1480 
1192 
1050 
2175 
2175 
1043 
906 
1192 
1050 
755 
604 
1341 
1192 
755 
755 
755 
604 
453 
306 
755 
453 
306 
306 
TABLE 10 -
Time 
6:25pm 
7: 30pm 
continued 
Depth 
(Feet) 
Surf ace 
.5 
1.0 
1.5 
Surface 
.5 
1.0 
l • 5 
Visible light 
(Foot-candles)* 
468 
156 
111 
78 
577 
95 
83 
59 
50 
Ultraviolet radiation 
(Microwatts 
604 
453 
306 
306 
604 
604 
306 
153 
_z 
an ) 
TABLE 11.-Ultraviolet radiation and visible light penetration at 
designated time during daylight hours at specific sampling station. 
Station 7 -- B19 bend ~ool, o~en area 
51 
Depth Visible light Ultraviolet radiation 
Time ( Feet) (Foot-candles) (Microwatts _2 cm ) 
8:45am Surface 2417 5187 
.5 512 4110 
1.0 463 3500 
1.5 317 3102 
2.0 268 2592 
2.5 244 2175 
3.0 195 1617 
-------------------------------------------------------------------------9:40am Surface 10000+ 10609 
.5 7273 9483 
1.0 4545 8424 
1.5 3636 7854 
2.0 2727 6875 
2.5 2273 5676 
3.0 1591 4725 
10:35am Surface 10000+ 12432 
.5 9574 11880 
1.0 6596 10609 
1 . 5 4255 9483 
2.0 4468 8092 
2, 5 3191 7068 
3.0 2766 6625 
11 : 30am Surface 10000+ 13420 
.5 10000+ 12993 
1.0 8333 12870 
1. 5 7500 12325 
2.0 6458 11880 
2.5 4688 10070 
3.0 3958 9460 
1: 30pm Surface 10000+ 13923 
.5 10000+ 13824 
1.0 9796 13452 
1.5 8776 13192 
2.0 7959 12768 
2.5 6122 11919 
3.0 5306 11328 
52 
TABLE 11 - continued 
Depth Visible light Ultraviolet radiation 
(Feet) (Foot-candles) _2 Time (Microwatts cm ) 
2:30pm Surface 10000+ 13750 
.5 10000+ 14208 
1.0 9592 13332 
1.5 8367 12900 
2.0 7143 12480 
2.5 6122 11968 
3.0 5306 11155 
4:35pm Surface 10000 11926 
.5 8750 11684 
1.0 6458 9844 
1.5 5208 9213 
2.0 3958 8211 
2.5 3125 7192 
3.0 2917 5764 
-------------------------------------------------------------------------5:30pm Surface 8947 8892 
.5 6596 8541 
l .o 5106 8142 
1.5 4043 6477 
2.0 2766 5092 
2. 5 2128 400 2 
3. 0 1809 3243 
-------------------------------------------------------------------------6:30pm Surface 1191 4352 
. 5 533 3892 
1.0 444 3243 
1.5 356 3003 
2.0 267 2044 
2.5 222 1752 
3.0 133 1341 
7:35pm Surface 1461 3408 
.5 429 2736 
1.0 333 2304 
1.5 286 1911 
2.0 250 1628 
2.5 143 1296 
3.0 95 1043 
53 
Appendix B. Instrument Standardization 
INSTRUMENT STANDARDIZATION 
Standardization and calibration of the underwater photometer 
was accomplished by the conversion of multimeter output in microamps 
_2 
to microwatts cm by way of a UV constant curve derived in conjunc-
tion with a more sophisticated spectrophotometer of known standardi-
zation. 
Derivation of the UV Constant Curve 
Simultaneous UV measurements were taken by the spectrophoto-
meter and the underwater photometer at three intervals during a clear 
bright-sun day. Ultraviolet spectral intensities were integrated 
over the 300-400 nm band using the standardized spectrophotometer. 
Total UV energy was measured with the underwater photometer and 
averaged over the same time frame as the spectral intensities measured 
by the spectrophotometer. The average underwater photometer output 
was expressed in microamps. 
The spectrophotometer wavelengths were identified by comparing 
them with the "Fraunhofer" lines in the standard solar spectrum. 
The following formula was then used to obtain UV irradiance in 
2 
mi~rowatts cm- for that particular wavelength: 
K1 x K2 x wavelength height in cm; 
where K1 is identified as a scale factor and K2 is a calibration 
factor for the spectrophotometer which is det€nnined for each wave-
length. 
54 
The calculated irradiance value for each wavelength between 
300-400 nm was then plotted on a graph. The curve was then integrated 
to obtain the total UV solar intensity in the field of 300-400 nm 
wavelength. The calculated total UV solar intensity was then divided 
by the average reading of the underwater photometer to obtain the 
constant for that time. The entire process was repeated at two 
other time intervals to obtain two additional constants. The value 
2 _ 1 
of each constant was expressed in microwatts cm- microamp 
The entire procedure seems quite lengthy, however, once the 
constant curve is obtained (Appendix B, Figure 11), photometer out-
put in microamps is matched to the curve on the X axis, then trans-
2 . _ 1 
versed to the microwatts cm- microamp on the Y axis to obtain the 
constant for that particular photometer microamp reading. The con-
stant is then multiplied by the original photometer reading in 
_2 
microamps and the UV irradiance in microwatts cm is obtained. With 
the UV constant curve est ablished, it takes one calculation to obtain 
the UV irradiance from the underwater photometer output. 
Derivation of Cloud Intensity UV Curve 
Derivation of the cloud intensity UV curve involved the convolu-
tion (integration of products), of the spectral response curves of 
the UV photometer and the absorbance filters used in conjunction with 
the photometer. This was necessary to obtain the instrument correction 
regarding UV sensitivity during cloudy conditions for the photometer 
used. 
55 
-I 
a. 
E 150 ro 
::, 
"' I 
E 
u 
VI 
.µ 
.µ 100 ro 
3:: 
::, 
I 
.µ 
C 
ro 
.µ 
VI 
C 50 0 
u 
50 100 150 200 250 
Underwater Photometer Reading in uamps 
FIGURE 11.-Ultraviolet radiation constant curve. 
300 350 
<.J1 
O') 
The following fonnula was used: 
where Y1 , Y2 , and Y3 are the response values for the UV photometer, 
filter-1, and filter-2 respectively, at a particular spectral wave-
length (>,). 
The (Z) values for each specific wavelength were further con-
voluted against standard curves of clear and cloudy conditions. The 
photometer curves for clear and cloudy conditions were plotted. The 
areas of the curves were measured and a ratio of cloudy-clear was 
obtained. The uncorrected UV irradiance was divided by the cloudy-
clear ratio and further multiplied by a percent value obtained from 
a "percent UV of the total" standard curve. The value obtained was 
the corrected UV irradiance at that particular cloud cover intensity. 
Appendix B, Figure 12 illustrates the corrected UV irradiance values 
plotted against increasing cloud intensity. 
A quartz beaded lens was fitted over the photocells and filters 
of the underwater photometer giving the instrument the capability to 
diffuse UV radiation onto the photocells and eliminate hotspots. 
Therefore, a cosine error correction curve was not needed in the cal-
culation of UV irradiance from the instrument. 
Cosine Error Detennination 
To obtain the cosine error due to the changing angle of the 
light source, an apparatus designed specifically for this purpose 
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was used. A beam of light, constant in irradiance, was directed onto 
the light meter. The irradiance remained constant while the light 
source was positioned at increasing angles and measurements were made 
at each angle. A ratio (light intensity-cosine of angle), was calcu-
lated for each angle and plotted on a graph. The calculated ratio of 
the specific angle was the cosine error of the instrument for that 
angle. The ratio was then divided into the instrument reading for 
that particular date and hour to give the corrected amount of energy 
at that location in time and sun angle. 
Sun angle calculation for a specific date and hour was obtained 
from calculations derived from standard tables. Equation of time, de-
clination, and Logan's lattitude were obtained from tables. The zenith 
angle of the sun for a specific time was calculated from the formula: 
y = Cosz = Cos(l5 X (T2 - 12)) X Cos C X Cos~+ Sin C Sin~-
Then the zenith angle (Z) = Cos-1 (Y); 
where T2 is the corrected time added to the equation of time; c is 
the declination of the sun; and~ is Logan's latitude. 
When the zenith angle was obtained, the angle was matched with 
the same angle on the cosine error curve to obtain the cosine error 
correction. The correction was then divided into the irradiance value 
determined from the light meter to obtain the corrected irradiance 
value for measurements taken at the surface of the water. 
Measurements taken below the surface of the water were calculated 
and corrected with reference to the refactory index of water. The 
fol lowing formula was used: 
(Sin(e 1 )); 
- 1~ 
where 01 is the angle of the sun. Once the angle was obtained, the 
respective cosine error was obtained from the graph and the correction 
in irradiance was made. 
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